Objective: There are microscopic similarities among odontogenic keratocyst (OKC), orthokeratinized odontogenic keratocyst (DOC) and epidermal cyst (EDC). This study was to compare with cell proliferation, cell differentiation and apoptosis related factors in OKC, DOC and EDC in order to clarify the characters and category of three hitstopathologically similar cysts.
Introduction
Odontogenic keratocyst (OKC) is a histologically distinct type of developmental odonotogenic cyst that commonly occurs in the tooth-bearing area or in the retromolar region of the jaws (1) (2) (3) (4) . OKC is characterized clinically by its aggressive behavior and high tendency for local recurrence (4, 5) . Microscopically, OKC consists of a uniform epithelial lining with a well-developed basal cell layer and a corrugated parakeratinized surface (1, 4) . Recent studies have discussed the histologic variants (parakeratin vs. orthokeratin) ofOKC (3, (5) (6) (7) (8) (9) . Microscopically, the majority of OKC are parakeratinized OKC and orthokeratinized OKCs are only 12.2% (5) . In addition, some investigators described that orthokeratinized OKC had clincopathologically less recurrence rate as compare with parakeratinized OKC and therefore it should be placed into a different category (5, 6, 8) . Moreover a few researchers designated orthokeratinized OKC as orthokeratinized odontogenic cyst (OOC) (1, 8, 9) . On the other hand, epidermal cyst (EDC) is a common cyst 14 of the skin that is lined by epidermis-like epithelium (1, 2) . These three types of keratinized cysts show similar histopathological features (7, 10) Keratinocyte has a self-duplication cycle. Old cells become to keratin and they come off the epithelial surface. The cells which appear by mitosis make basal layer, spinous layer and keratinization layer. Keratinocyte continues this process repeatedly (11) .
Ken· suggested the concept of apoptosis in 1972 (12) .
The cell's life cycle is constituted of cell growth, cell differentiation and cell apoptosis. Especially, squamous epithelium repeatedly exhibits cell proliferation, cell differentiation and apoptosis (11) .
This study was to compare with cell proliferation, cell differentiation and apoptosis related factors in OKC, OOC and EDC in order to clatify the characters and category of three hitstopathologically similar cysts. duct and squamous cell carcinoma were used as positive controL Negative controls consisted of the incubation of the sections in the Tlis-HCI buffer (pH7.4) instead of the primary antibody in the procedure.
Evaluation ofimmunohistochen1ical staining
Assessment of Ki-67 immunohistochemical staining was done using the Win roof image analysis software version 3.4 (Mitani Co. Ltd., Japan). Ki-67 immunoreactivity was assessed in areas of highest staining intensity. At least 1,000 nuclei were counted in 5 high-power fields ( X 400). The Ki-67 labeling index (number of positive cells/total cells X 100) was calculated for the three types of cysts. Cytokeratin, bcl-2 and Bax protein immunoreactivity was divided into three categories, according to the classification of Krajewska et al. which were negative staining (-), slightly to moderately positive staining (+) and strongly or intensely positive staining (++) (13) .
Statistical analysis
The means of Ki-67 labeling index were submitted to statistical analysis using the Kruskal-Wallis H-test. A P value of less than 0.05 was considered statistically significant.
Results
Histopathologically, OKC showed a hyperchromatic palisaded basal cell layer and a wavy-corrugated parakeratinized layer. The epithelium and connective tissue interface were usually flat, but budding and daughter cyst 16 were found in some cases ( Fig.1a,b ). Chronic inflammatory cells were partly observed in the underlying connective tissue. OOC epithelium was a stratified squamous epithelium that resembled to epidermis. Hyperkeratosis with prominent granular cell layer was indicated in the cyst-lining epithelium. The basal layer was composed of cuboidal or flattened cells, and there was no evidence of palisading or polarization of the nuclei of the basal cells that were similar to that of OKC. The epithelium consisted of a thin, unifonn lining that was devoid of rete ridge formation. The surface was mostly flat. Many cases of OOC showed a connective tissue wall similar to OKC (Fig.2 ). EDC was lined by epidermis-like stratified squamous epithelium with welldeveloped granular cell layer, without rete ridge formation. The lumen was filled with degenerating orthokeratin substances. In some cases, a granulomatous inflammatory reaction could be seen in the cyst wall ( Fig.3 ).
Inununohistochemical findings
The classification of epithelial cells followed Li et al (9) .
The results of the Ki-67 labeling index in OKC, OOC and EDC showed in Fig.4 , and the expressions of Ki-67 in those were summarized in Table 3 . Ki-67 positive cells in OKC were observed in the basal and predominantly suprabasal cells. The number of positive Ki-67 nuclei in OKC (n=14) was 10.7±3.3% (mean±SD) with the ranged from 6.0 to 17.3% ( ., . ...~" , .
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. ,. ( Fig.6 ). In EDC, Ki-67 immunoreactivity was locally present in the basal layer of the lining epithelium. The number of positive Ki-67 nuclei in OOC (n=18) was 5.7±2.6% (mean±SD) with the ranged from 2.6 to 11.0% (Fig.7) . The labelingindex in OKC was significantly higher than that in OOC and EDC (p<0.05). And that of OOC showed a significant by higher in EDC (p<0.05) .
The various expression patterns of cytokeratins in OKC, OOC and EDC were also summarized in Table 3 . Although CKI0 was negative reaction in OKC, both OOC and EDC were strongly positive staining in the all epitherial cells except for the basal cells. CK13 positive cells were seen in the epithelial lining of cyst. However, staining intensities were different. OKC showed intense positive staining in the upper suprabasal cells and parakeratinized cells in CKI3, while in OOC staining was patchy and limited to the surface keratinized cells and the granular cells. In EDC, CK13 staining was focally present in the surface keratinized cells. CK17 staining in OKC showed a strong reaction in whole epithelium. The reaction of CK17 was prominently strong in the budding and the daughter cyst ( Fig.8 ). Whereas in OOC and EDC, the CK17 staining patterns were almost focal reaction in the surface keratinized cells (Figs.9 and 10). Although CK 19 staining was slightly or moderately positive for the parakeratinized cells and the upper suprabasal cells in OKC, CK19 staining was negative in OOC and EDC. CK7, 18 and 20 were negative for in the lining epithelium of all cysts.
Apoptosis related factors (bcl-2 and Bax) were also designated in Table 3 . The immunoexpression of bcl-2 apoptotic inhibitor was only observed in the basal cells in OKC. In addition, 13 out of the 14 OKC were bcl-2 positive (Fig. 11 ). However, all OOC and EDC cases were negative staining ( Figs. 12 and 13 ). Immunoreactivity for Bax proapoptotic factor tended to be similar in the three types of cysts. The expression was present in all epithelium of OKC, however, Bax was negative for the surface keratinized cells in OOC and EDC.
Discussion
OKC is distinctiveness from developmental odontogenic cyst, because of its relatively aggressive behavior and high recurrence rate (1) (2) (3) (4) . The budding formation and daughter cyst were seen only in OKC which supported higher recurrence rate in OKC. This OKC is thought to take a different growing mechanism and biologic behavior from the common odonotogenic cyst, such as dentigerous cyst and radicular cyst (1) . Todd et al. reported that the recurrence rate of OOC was 2.2% as compared with recurrence rate of at least 42.6% for OKC (5) . Therefore, compared with OKC, OOC showed other biological behaviors (5, 6, 8) . Moreover, hitstopathologicallY, OOC is very similar to EDC (7, 10) . A several studies have reported the immunohistochemical analyze in OKC and OOC (3, 5, 7, 8, 9) , however, the conclusive results have not yet been reported. For that reason, this study focused on identifying differences among OKC, OOC and EDC using immunohistochemical techniques.
Ki-67 is a nuclear antigen expressed during all phases of -negative staining; + slightly to moderately positive staining; ++ strongly or intensely positive staining; * focal reaction the cell cycle (Gt, S, G2, M) except for the resting phase (Go), and the expression is maximal in the S phase, rapidly decreasing from M phase (14) (15) (16) . Therefore, Ki-67 is applicable for determining of cell's proliferation. The growth of tumorous lesions depends on the cellular proliferative activity. Many studies comparing with malignant, benign and normal tissue using Ki-67 have been reported that Ki-67 labeling index corresponds with the degree of malignancy (17) (18) (19) . In oral lesions, ameloblastoma, which is the most common benign odontogenic tumor, was from 4.3 to 6.8% of Ki-67 labeling index (20) (21) . On the other hand, Kimi et ale reported Ki-67 labeling index in OKC was 11.2% and OOC was 7.8%(3). The present data ofOKC and OOC are similar to Kimi's results. Moreover, Takahashi et ale used proliferating cell nuclear antigen, reported that OKC had statistically higher cellular acti vity than that of ameloblastoma, which suggested that odontogenic keratocyst was regarded as benign odontogenic tumours (22) . The present study revealed that the Ki-67 labeling index of OKC showed the highest cell proliferation and also suggested that OKC was characterized as a benign tumor like lesions. There were a statistically significant among OKC, OOC and EDC (p<0.05). And the localization of Ki-67-positive nuclei was different among OKC, OOC and 20 EDC. Since, these findings might be due to the various degrees of maturation and the cell proliferative activity in epithelium, OOC was an intermediate character between OKCandEDC.
Keratin is a major cytoskeletal protein in almost epithelial cells, and at least, 20 different subtypes of cytokeratins have been identified in human tissue (11) . According to the molecular weight, acidic and basic forms based on isoelectric point, the CKs are divided into two groups, type I (CK9--20, pKi: 4--6, molecular weight: 40--64kD) and type II (CKI--8, pKi: 7--8, molecular weight: 52.5--68kD) (11, 23) . The CKs composition may reflect the stage of development of epithelial cells, as well as different tissue's epithelia (24) . Therefore, the CK are useful for distinction among OKC, OOCandEDC.
CKI0 is specific on cornified surfaces like skin (25) . One of the major finding in this study was the absence of CK10 in most ofOKCs (except for some cases offorcal reaction in the parakeratinized layer), contrastively, CKI0 was presence in upper spinous cells of OOC and EDC. It was possible parakeratinization or orthokeratinization was programmed in the basal cells.
Concerning CK13 staining, similar pattern was observed in OKC and OOC, although the other CK subtypes showed similar finding between OOC and EDC. This result suggests that the quality of orthokeratinization would be a little different between OOC and EDC.
CK17 showed a great difference of expression from other CKs. The expression of CK17 in OKC was widely and strongly positive in all epithelia, but in OOC and EDC was weakly and locally positive in keratinized cells. Generally, CK17 is different from other CKs, in that its expression is not linked with the well-defined program of terminal differentiation (11, 22 ), but appears overgrowth cases (11) . In addition, CK 17 expression is more widespread in undifferentiated squamous cell carcinoma than in well or moderately differentiated squamous cell carcinoma (23) . In this series, most OKCs showed a strong and uniform staining intensity in all levels of the epithelium including the parakeratinized layer. This indicated that OKC was more aggressive than OOC and EDC, and therefore CK17 might be a useful marker to distinguish OKC from other two types of cysts. Since CK17 was also known to be expressed in the 'humidity' stratified epithelia (23) , the wet cystic environment might influence the expression of CK17 on the sUlface keratinized cells of OOC and EDC.
CK19 is thought to be an odontogenic epithelium marker as it is used frequently in tumors of odonotogenic origin, such as ameloblastoma, odontogenic myxoma and clear cell odontogenic carcinoma (23, 26) . In this study, OKC showed an intense expression of CK19 in the parakeratinized cells and upper suprabasal cells of the epithelial lining, but CK19 did not found in OOC and EDC. Although, OKC arises from cell rests of the dental lamina (1), the OOC might take its origins from other cell rests such as gingival cells and mucosal cells.
CK7, CK18 and CK20 are expressed in the simple epithelia, including many ductal and glandular epithelia (23) . The present results of three cysts were negative for CK7, CK18 and CK20. This results suggested that these epithelial cyst linings were neither simple nor neoplastic, but comparatively differentiated stratified squamous epithelia. The bcl-2 proto-oncogene is a member of a gene family in the suppressors of the programmed cell death (17, (27) (28) (29) . Recent studies have suggested that there is a close relationship between bcl-2 protein expression and cell population which are long lived, and/or with high proliferation ability (3, 29) . Immunoreactivity for bcl-2 protein has been detected in the enamel organs and the dental lamina of tooth germs as well as in most neoplastic cells of ameloblastoma (3, 30) . OKC showed more aggressive clinical behavior, higher recurrence rate, and a higher proliferative activity than those of OOC and EDC. In this study, bcl-2 was positive staining in the basal cells of OKC, but negative reaction for any cells of the OOC and EDC. These results reflected the different clinical feature of OKC,
OOCandEDC.
Bax is one of the members of the bcl-2 family (27, 31) .
Overexpression of Bax homodimers increases the susceptibility of the cells to apoptosis (26, 31) . Since the present results indicate that Bax was expressed in most cases of OKC, OOC and EDC, Bax might contribute of keratinization.
In conclusion, the present study suggests that there are immunohistochemical differences among OKC, OOC and EDC. Immunohistochemical results showed that OKC had high cellular proliferation and was relatively low differentiation as compare with OOC and EDC. In addition, there was pat1icipation of apoptosis suppressor in OKC. The cellular activity of OOC was intelmediate position OKC and EDC. Add to this, OOC and EDC showed similar reactivity against CKs and bcl-2. Therefore, it was possible to consider OOC as a distinct entity from OKC. EDC had the lowest cellular activity in the three cysts and it was comparatively maturative lesion.
